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Abstract
Background: in a secondary analysis of a randomised controlled trial, we investigated whether 6 months of music-based
multitask training had beneﬁcial effects on cognitive functioning and mood in older adults.
Methods: 134 community-dwellers aged ≥65 years at increased risk for falling were randomly assigned to either an interven-
tion group (n = 66) who attended once weekly 1-h supervised group classes of multitask exercises, executed to the rhythm of
piano music, or a control group with delayed intervention (n= 68) who maintained usual lifestyle habits, for 6 months. A short
neuropsychological test battery was administered by an intervention-blinded neuropsychologist at baseline and Month 6,
including the mini-mental state examination (MMSE), the clock-drawing test, the frontal assessment battery (FAB) and the
hospital anxiety (HADS-A) and depression scale.
Results: intention-to-treat analysis showed an improvement in the sensitivity to interference subtest of the FAB (adjusted
between-group mean difference (AMD), 0.12; 95% CI, 0.00 to 0.25; P = 0.047) and a reduction in anxiety level (HADS-A;
AMD, −0.88; 95% CI, −1.73 to −0.05; P= 0.039) in intervention participants, as compared with the controls. Within-group
analysis revealed an increase in MMSE score (P = 0.004) and a reduction in the number of participants with impaired global
cognitive performance (i.e., MMSE score ≤23; P = 0.003) with intervention.
Conclusion: six months of once weekly music-based multitask training was associated with improved cognitive function and
decreased anxiety in community-dwelling older adults, compared with non-exercising controls. Studies designed to further
delineate whether training-induced changes in cognitive function could contribute to dual-task gait improvements and falls re-
duction, remain to be conducted.
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Introduction
Physical exercise has been shown to postpone or even attenu-
ate age-related decline in components of physical function—
including gait and balance—but also to beneﬁt cognitive
functioning, brain plasticity being preserved even in later life
[1–4].
Higher-level cognitive function has emerged, in old age,
as a critical determinant of the ability to cope efﬁciently and
safely with both basic and more elaborate everyday life activ-
ities, which often require to integrate multiple stimuli or con-
current tasks (e.g., for simple or dual-task walking) [5–8, 9].
Epidemiological evidence strongly supports that executive
function, but also global cognitive function and mood, are
closely linked to gait and falls in older adults, even in the
absence of overt cognitive impairment [5, 6, 10–14]. This
suggests that multimodal interventions targeting not solely
physical but also cognitive processes may elicit improvements
towards fall-risk reduction [6, 11, 15].
In a recent randomised controlled trial [16], we proposed
a new promising way to improve dual-task gait performance
and to reduce falls in older adults through a music-based
multitask training intervention (i.e., Jaques-Dalcroze eurhyth-
mics), a speciﬁc exercise regimen challenging both motor-
and cognitive-related abilities. This program, which affords a
greater commitment to dual- or multiple-task practice than
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other exercise forms (e.g., ‘3D interventions’ using the
Profane taxonomy [17]), highly relies on working memory,
attention and executive function skills and is likely to engage
multiple brain regions through a combination of music,
rhythm and exercise [2, 18–20]. The present study investi-
gated—in a secondary analysis of the randomised controlled
trial—whether 6 months of music-based multitask training
had beneﬁcial effects on cognitive function and mood.
Methods
Trial design, ﬂow of participants and procedures have been
published previously [16]. Brieﬂy, 134 community-dwelling
older adults—aged 65 and over—at increased risk for falling
(i.e., ≥1 falls after the age of 65 years, or balance impairment,
or 1 or 2 criteria of physical frailty according to Fried) were
randomised to either (i) an intervention group who attended
structured music-based multitask exercise classes (interven-
tion group, n= 66) or (ii) a control group with delayed inter-
vention (control group, n= 68), for 6 months. The study was
approved by the Geneva University Hospitals ethics commit-
tee. All participants provided informed written consent.
Group exercise classes were held once weekly for 1-h over
25 weeks. They consisted of varied multitask exercises of
progressive difﬁculty, sometimes involving the handling of
objects, performed individually, in pairs or more [21]. Basic
exercises comprised walking following the piano music,
responding directly or oppositely to changes in music’s rhyth-
mic patterns. Other exercises included quick reactions exer-
cises and walking out of rhythmic patterns. The control
group maintained their usual physical and social habits.
All participants underwent a short neuropsychological
test battery administered by an intervention-blinded neuro-
psychologist at baseline and Month 6 that included: (i) the
mini-mental state examination (MMSE) [22], (ii) the clock-
drawing test [23] and (iii) the frontal assessment battery
(FAB), including six subtests, each assessing executive
functioning-related abilities [24]. The subtest scores and
global score were considered independently for the FAB.
Mood was assessed using the hospital anxiety and depression
scale, a tool divided in two subscales measuring depression
(HADS-D) and anxiety (HADS-A), which were considered
independently [25].
Data were analysed using Stata version 11.0. The prede-
ﬁned primary analysis was by intention-to-treat, using the last
observation carried forward (LOCF) imputation method.
Analysis of covariance (ANCOVA) models were computed
to assess between-group differences in change scores from
baseline to Month 6. Multivariate models were built using a
stepwise backward selection approach. Within-group
changes were examined using paired t-tests for global test
scores while McNemar’s tests were used to test for changes
in the number of participants with abnormal test score.
Sensitivity analyses were conducted to assess the robustness
of the results under alternative approaches for handling
missing data, which included (i) per-protocol analysis on
complete cases and (ii) mixed-effects regression analysis.
Results
Of the 134 participants who entered the trial, 22 dropped
out at 6 months. Fifty-six (85%) and 54 (79%) intervention
and control participants, respectively, completed the
6-month neuropsychological assessment, with no difference
between groups in the number of missing data. Mean attend-
ance rate at the exercise classes was 79%, and 83% (i.e., at
least 21 classes) for participants who completed the 6-month
intervention.
Complete characteristics of trial participants are presented
elsewhere [16]. Baseline characteristics were well balanced
between the two arms (Tables 1 and 2). Completers and non-
completers did not differ in baseline sociodemographic or
clinical measures.
At Month 6, the intention-to-treat analysis showed im-
provement in the sensitivity to interference subtest of the
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Table 1. Baseline sociodemographic and clinical





Age, mean (SD) (years) 75 (8) 76 (6)
Female, n (%) 64 (97) 65 (96)
BMI, mean (SD) (kg/m2) 26 (4) 27 (4)
Education level, n (%)
Primary school 7 (11) 13 (19)
Middle school 45 (68) 45 (66)
High school 14 (21) 10 (15)
Home help services, n (%) 21 (32) 19 (28)
Fall(s) in previous 12 months, n (%) 37 (56) 37 (54)
Frailty components, n (%)a
Unintentional weight loss 10 (15) 5 (7)
Exhaustion 20 (30) 15 (22)
Low physical activity level 0 (0) 1 (1)
Slow walking speed 10 (15) 9 (13)
Grip strength 27 (41) 33 (49)
Physical activity level, mean (SD) (kcal/week) 2336 (1036) 2714 (1370)
Timed Up and Go test, mean (SD) (s) 10 (3) 11 (3)
Self-rated health, mean (SD)b 3 (1) 3 (1)
Total number of medications, mean (SD) 4 (2) 3 (2)
Current use of psychotropic medication, n (%) 18 (17) 13 (19)
Medical condition, n (%)
Arthritis of the lower limb 7 (11) 12 (18)
Central nervous system disorder 6 (9) 4 (6)
Dizziness or balance disorder 8 (12) 8 (12)
Osteoporosis 23 (35) 28 (41)
Peripheral nervous system disorder 7 (11) 5 (7)
Prosthesis (lower limb) 7 (11) 8 (12)
Cardiac rhythm disorder 5 (8) 1 (1)
Tendon rupture (lower limb) 1 (2) 1 (1)
Trouble with vision 14 (21) 10 (15)
Charlson comorbidity index, mean (SD) (score)c 1 (1) 1 (1)
SD, standard deviation; BMI, body mass index.
aAccording to Fried et al. [39].
bFive-point Likert scale ranging from 1 = excellent to 5 = bad.
cAccording to Charlson et al. [40].
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FAB (adjusted between-group mean difference (AMD),
0.12; 95% CI, 0.00 to 0.25; P = 0.047) and reduced anxiety
level (HADS-A; AMD, −0.88; 95% CI, −1.73 to −0.05;
P = 0.039), in the intervention group, as compared with the
non-exercising controls (Table 2). Within-group analysis for
global test scores indicated an increase in MMSE score in
the intervention group from baseline to Month 6 (from
25.9 ± 2.7 to 26.9 ± 2.1; t-test, P = 0.004), and a reduction in
the number of intervention participants with impaired global
cognitive performance (i.e., MMSE score ≤23) (McNemar’s
test, P = 0.003).
Per-protocol analysis, which excluded non-completers,
replicated the intention-to-treat results but with only a trend for
signiﬁcant between-group difference for anxiety (P= 0.066).
Result for sensitivity to interference remained consistent in
both per-protocol (P= 0.011) and mixed-regression analysis
(P= 0.024).
Discussion
This secondary intention-to-treat analysis of a randomised
controlled trial results indicates that 6 months of once weekly
music-based multitask training improved the sensitivity to
interference, one aspect of executive function, reduced
anxiety and beneﬁted global cognitive function—also in indi-
viduals with obvious cognitive impairment (i.e., MMSE
score ≤23)—in community-dwelling older adults at increased
risk for falling.
The training regimen improved the executive-related sen-
sitivity to interference process, assessed by the conﬂicting
instructions task of the FAB, a task similar to the Stroop test
which requires behavioural self-regulation to inhibit prepo-
tent stimuli and select the appropriate one [24, 26, 27]. Both
sensitivity analyses conﬁrmed the robustness of this ﬁnding.
Improvement in sensitivity to interference appeared to be in-
dependent of improvement in mood (data not shown). This
result is in line with randomised controlled trial data docu-
menting the beneﬁts of physical exercise (e.g., aerobic exer-
cise regimens) for executive function [28–31], but also of
cognitive-motor interventions [3, 4, 6]. Music-based multi-
task training highly challenges the ability to resist to interfer-
ence, especially through the performance of concurrent
attention-demanding tasks (e.g., walking and manipulating
objects) while attending multiple simultaneous stimuli (e.g.,
from music or partners). This may have implications for
everyday life function since many situations require to select-
ively attend to goal-relevant information while blocking ir-
relevant stimuli or prepotent responses (e.g., for walking in
complex and dynamic environments) [11, 15].
No signiﬁcant change was found in other executive-
related abilities. Further adequately powered trial, using a
more comprehensive neuropsychological battery emphasiz-
ing executive function would be required to fully delineate to
what extent music-based multitask training inﬂuences cogni-
tive function, and to further elucidate whether cognitive
changes correlate with improvements in dual-task gait per-
formance and with falls. Furthermore, in line with previous
reports highlighting the effects of particular training regi-
mens and music on brain structural and functional plasticity,
addressing whether music-based multitask training induces
neural changes should help to gain more insight into beneﬁ-
cial effects and mechanisms associated with this speciﬁc
training [2, 20, 29, 32, 33]. Planned studies are expected to
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Table 2. Baseline and change scores in neuropsychological outcome measures (intention-to-treat population)
Outcome measure Intervention group (n= 66) Control group (n= 68) Adjusted between-group
mean difference (95% CI)d
Effect,e
P-valueBaseline Month 6 Baseline Month 6
Mooda
HADS anxiety, mean ± SD 7.1 ± 4.0 6.2 ± 3.4* 7.3 ± 3.3 7.1 ± 3.5 −0.88 (−1.73 to −0.05) 0.039
≥8, n (%) 25 (38) 19 (29) 32 (47) 28 (41)
HADS depression, mean ± SD 4.2 ± 3.2 3.9 ± 2.8 3.7 ± 2.6 3.4 ± 2.6 −0.03 (−0.73 to 0.66) 0.924
≥8, n (%) 11 (17) 6 (9) 5 (7) 6 (9)
Cognitive functionb
MMSE, mean ± SD 25.9 ± 2.7 26.9 ± 2.1** 26.3 ± 3.0 26.7 ± 2.7 0.36 (−0.33 to 1.06) 0.305
<24, n (%) 14 (21) 3 (5) ** 11 (16) 9 (13)
Clock-drawing test, mean ± SD 8.8 ± 1.2 9 ± 1.3 8.6 ± 1.7 8.5 ± 1.6 0.34 (−0.10 to 0.77) 0.127
<8, n (%) 9 (14) 7 (11) 12 (18) 13 (19)
FAB, mean ± SD 15.7 ± 1.9 15.8 ± 1.8 15.4 ± 2.4 15.7 ± 2.3 −0.05 (−0.53 to 0.44) 0.854
<12, n (%) 3 (5) 2 (3) 5 (7) 6 (9)
Sensitivity to interference subtest, mean ± SDc 2.89 ± 0.5 2.94 ± 0.2 2.91 ± 0.3 2.83 ± 0.5 0.12 (0.00 to 0.25) 0.047
CI, confidence interval; SD, standard deviation; FAB, frontal assessment battery; HADS, hospital anxiety and depression scale; MMSE, mini-mental state examination.
aLower scores indicate lower level of anxiety or depression.
bHigher scores indicate better performance.
cNo significant difference found between groups for other FAB subtests.
dBetween-group mean difference in change score, calculated as follow-up minus baseline scores, adjusted for baseline score of the outcome, age and baseline global
cognition (except for MMSE outcome).
eIntent-to-treat analysis with missing values imputed using LOCF. ANCOVA on change score, adjusting for baseline score of the outcome, age and baseline global
cognition (except for MMSE outcome).
*P < 0.015 for within-group change score from baseline.
**P < 0.005 for within-group change score from baseline.
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contribute to the ‘central beneﬁt model’ of exercise in falls
prevention [15].
Based on the present data, music-based multitask training
seems a promising strategy to improve global cognitive func-
tion in cognitively impaired older individuals. Since we based
our diagnosis on MMSE alone, using an arbitrary cut-point,
without taking into account potential confounding factors
such as educational level or cultural factors [34], the results
should be interpreted cautiously.
While an overwhelming research has shown that physical
exercise and music-experience can help alleviate depression
disorders, effects on anxiety have been less studied [35–38].
Reduction in anxiety level is in line with the few well-
designed randomised controlled trials describing an anxiolyt-
ic effect of physical exercise in relatively healthy older adults
[38]. With regard to the non-exercising control group, a po-
tential unbalanced socialisation effect might, in part, explain
the demonstrated improvement in anxiety level.
Several limitations should be considered. First, as stated
above, the trial was not formally designed nor powered to
detect between-group differences in neuropsychological out-
comes. Second, the only once weekly for 6 months sessions
may not be sufﬁcient to detect improvements in cognitive
function. Third, the results should be interpreted with regard
to the eligibility criteria and the trial sample.
In conclusion, 6 months of once weekly music-based
multitask training was associated with enhanced cognitive
function and decreased anxiety in community-dwelling older
adults at increased risk for falling, relative to non-exercising
controls. To further delineate the training-induced changes in
cognitive function, and the extent to which they mediate
dual-task gait improvements and falls reduction, remains an
exciting challenge.
Key points
• Music-based multitask training is a speciﬁc exercise
regimen challenging both motor- and cognitive-related abil-
ities.
• Six months of music-based multitask training improved ex-
ecutive function and beneﬁted global cognitive function in
older adults.
• The 6-month exercise program also reduced anxiety.
Acknowledgements
We are especially indebted to Myriam Büchelin-Fazio (Geneva
University Hospitals, neuropsychologist) for its enthusiastic
collaboration on the project since the beginning, all members





This work was supported by a grant from the Panacée Founda-
tion. The funding source had no role in the design and conduct
of the study, analysis or interpretation of the data, or prepar-
ation or ﬁnal approval of the manuscript prior to publication.
Supplementary data
Supplementary data mentioned in the text are available to
subscribers in Age and Ageing online.
References
The very long list of references supporting this paper has
meant that only the most important are listed here and are
represented by bold type throughout the text. The full list of
references is available in Supplementary data in Age and
Ageing online, Appendix 1.
1. Howe TE, Rochester L, Neil F, Skelton DA, Ballinger C.
Exercise for improving balance in older people. Cochrane
Database Syst Rev 2011; 11: CD004963.
2. Voss MW, Nagamatsu LS, Liu-Ambrose T, Kramer AF.
Exercise, brain, and cognition across the life span. J Appl
Physiol 2011; 111: 1505–13.
3. Buitenweg JI, Murre JM, Ridderinkhof KR. Brain training in
progress: a review of trainability in healthy seniors. Front Hum
Neurosci 2012; 6: 183.
4. Hindin SB, Zelinski EM. Extended practice and aerobic exercise
interventions beneﬁt untrained cognitive outcomes in older
adults: a meta-analysis. J Am Geriatr Soc 2012; 60: 136–41.
5. Herman T, Mirelman A, Giladi N, Schweiger A, Hausdorff
JM. Executive control deﬁcits as a prodrome to falls in healthy
older adults: a prospective study linking thinking, walking, and
falling. J Gerontol A Biol Sci Med Sci 2010; 65: 1086–92.
6. Segev-Jacubovski O, Herman T, Yogev-Seligmann G,
Mirelman A, Giladi N, Hausdorff JM. The interplay between
gait, falls and cognition: can cognitive therapy reduce fall risk?
Expert Rev Neurother 2011; 11: 1057–75.
7. Woollacott M, Shumway-Cook A. Attention and the control of
posture and gait: a review of an emerging area of research.
Gait Posture 2002; 16: 1–14.
8. Hausdorff JM, Yogev G, Springer S, Simon ES, Giladi N.
Walking is more like catching than tapping: gait in the elderly
as a complex cognitive task. Exp Brain Res 2005; 164: 541–8.
10. Muir SW, Gopaul K, Montero Odasso MM. The role of cogni-
tive impairment in fall risk among older adults: a systematic
review and meta-analysis. Age Ageing 2012; 41: 299–308.
11. Mirelman A, Herman T, Brozgol M et al. Executive function and
falls in older adults: new ﬁndings from a ﬁve-year prospective
study link fall risk to cognition. PLoS ONE 2012; 7: e40297.
12. Watson NL, Rosano C, Boudreau RM et al. Executive function,
memory, and gait speed decline in well-functioning older
adults. J Gerontol A Biol Sci Med Sci 2010; 65: 1093–100.
13. Atkinson HH, Rosano C, Simonsick EM et al. Cognitive func-
tion, gait speed decline, and comorbidities: the health, aging
and body composition study. J Gerontol A Biol Sci Med Sci
2007; 62: 844–50.
14. Hsu CL, Nagamatsu LS, Davis JC, Liu-Ambrose T. Examining
the relationship between speciﬁc cognitive processes and falls
199
Music-based multitask training, cognition and mood
risk in older adults: a systematic review. Osteoporos Int 2012;
23: 2409–24.
15. Liu-Ambrose T, Nagamatsu LS, Hsu CL, Bolandzadeh N.
Emerging concept: ‘central beneﬁt model’ of exercise in falls
prevention. Br J Sports Med 2013; 47: 115–7.
16. Trombetti A, Hars M, Herrmann FR, Kressig RW, Ferrari S,
Rizzoli R. Effect of music-based multitask training on gait,
balance, and fall risk in elderly people: a randomized controlled
trial. Arch Intern Med 2011; 171: 525–33.
18. Lin ST, Yang P, Lai CY et al. Mental health implications of
music: insight from neuroscientiﬁc and clinical studies. Harv
Rev Psychiatry 2011; 19: 34–46.
19. Grahn JA, Brett M. Rhythm and beat perception in motor
areas of the brain. J Cogn Neurosci 2007; 19: 893–906.
20. Koelsch S. A neuroscientiﬁc perspective on music therapy.
Ann N YAcad Sci 2009; 1169: 374–84.
24. Dubois B, Slachevsky A, Litvan I, Pillon B. The FAB: a frontal
assessment battery at bedside. Neurology 2000; 55: 1621–6.
28. Smith PJ, Blumenthal JA, Hoffman BM et al. Aerobic exercise
and neurocognitive performance: a meta-analytic review of ran-
domized controlled trials. Psychosom Med 2011; 72: 239–52.
29. Mortimer JA, Ding D, Borenstein AR et al. Changes in brain
volume and cognition in a randomized trial of exercise and
social interaction in a community-based sample of non-
demented Chinese elders. J Alzheimers Dis 2012; 30: 757–66.
30. Liu-Ambrose T, Donaldson MG, Ahamed Y et al. Otago
home-based strength and balance retraining improves execu-
tive functioning in older fallers: a randomized controlled trial. J
Am Geriatr Soc 2008; 56: 1821–30.
31. Liu-Ambrose T, Nagamatsu LS, Graf P, Beattie BL, Ashe MC,
Handy TC. Resistance training and executive functions: a
12-month randomized controlled trial. Arch Intern Med 2010;
170: 170–8.
32. Colcombe SJ, Kramer AF, Erickson KI et al. Cardiovascular
ﬁtness, cortical plasticity, and aging. Proc Natl Acad Sci USA
2004; 101: 3316–21.
33. Liu-Ambrose T, Nagamatsu LS, Voss MW, Khan KM, Handy
TC. Resistance training and functional plasticity of the aging
brain: a 12-month randomized controlled trial. Neurobiol
Aging 2012; 33: 1690–8.
34. O’Bryant SE, Humphreys JD, Smith GE et al. Detecting de-
mentia with the mini-mental state examination in highly edu-
cated individuals. Arch Neurol 2008; 65: 963–7.
35. Jorm AF, Christensen H, Grifﬁths KM, Parslow RA, Rodgers
BBlewitt KA. Effectiveness of complementary and self-help
treatments for anxiety disorders. Med J Aust 2004; 181:
S29–46.
36. Strohle A. Physical activity, exercise, depression and anxiety
disorders. J Neural Transm 2009; 116: 777–84.
37. Carek PJ, Laibstain SE, Carek SM. Exercise for the treatment
of depression and anxiety. Int J Psychiatry Med 2011; 41:
15–28.
38. Wipﬂi BM, Rethorst CD, Landers DM. The anxiolytic
effects of exercise: a meta-analysis of randomized trials and
dose-response analysis. J Sport Exerc Psychol 2008; 30:
392–410.
39. Fried LP, Tangen CM, Walston J et al. Frailty in older adults:
evidence for a phenotype. J Gerontol A Biol Sci Med Sci 2001;
56: M146–56.
40. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new
method of classifying prognostic comorbidity in longitudinal
studies: development and validation. J Chronic Dis 1987; 40:
373–83.
Received 9 September 2012; accepted in revised form
3 September 2013
Age and Ageing 2014; 43: 200–205
doi: 10.1093/ageing/aft152
© The Author 2013. Published by Oxford University Press on behalf of the British Geriatrics Society.
All rights reserved. For Permissions, please email: journals.permissions@oup.com
Published electronically 16 October 2013
Screening for depression in Parkinson’s disease:
the performance of two screening questions
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Abstract
Background: the study objective was to evaluate the validity of the two questions recommended by the UK. National
Institute for Health and Clinical Excellence for depression screening in Parkinson’s disease (PD).
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